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(57)Abstract 

PURPOSE: To provide a high-performance optical waveguide type modulator in 
which th effect of electric fields does not depend on the polarizing direction of 
incident light and large changes in absorption coefft. and refractive index can be 
obtd. with small voltage. 

CONSTITUTION: In a core 3 of the optical modulator provideed with a multiple 
quantum well structure produced by alterately depositing quantum well layers and 
barrier layers consisting of two different semicoductor materials, the core is formed 
in such a manner that the exciton absorption by light positive holes and electrons 
and the xciton absorption of heavy holes and electrons in the multiple quantum 
well structure 3 give almost the same absorption peak wavelengths and almost the 
same absorption amts. 




LEGAL STATUS 

[Date of request for examination] 19.11.1999 

[Date of sending the examiners decision of rejection] 02.04.2002 

[Kind of final disposal of application other than the examiners 

decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl jpo.go jp/PA1 /result/detail/main/wAAAw0ayEaDA408086987P1 .htrn 



03/10/06 



(WBjMMMOT (JP) (12) §f) jfr $g (A) (lDftSWttH&BHS^ 

#Hj§3F8-86987 

(43)&BB0 ¥(£8*P(1996)43 2B 



<51)IntCL* 




F I 




G0 2F 1/025 














»*3fi©«3 OL (± 8 H) 




^£¥6 -221506 


(71) tUSA 


000004226 










(22) {BBC B 


¥jf£6^E(1994) 9 E16B 




S0RiPSIr?9Kffifrw^.T B 19S 2 






(72)S291# 


Bffl 








ASCiP=fftEBKl^«riTBl#6^ 0 
















ill* #2. 








SO^=FftfflKf*t*«TlTBl#6^ 0 














(72)$65H# 


iSH % 








S0S«^«BBKrt#l»riTei#6^ 0 














(74)«3SA 


#s± « «- (#n£) 











(54) [$89!©£;ft0 ^Stt#JB¥»#*?#F3fc3:WSg 



(57) [gift] 

* omen ^SKis^Mfrfc^Mfi-r-^Ffliji * 

3T3i-r*3iaBBI««:J8l>T:, &^SS*#F#J&3 
©« t >jE?L*i J: WB-T-*> 6 % •& IB&T-ftllX i at >IE?L*J 




\ 1 I 



(2) 

1 

[43ftHW?©f5B] 

imo* n stt s 2 mmo^mmm* e>tt zm* 
«t zmssm £££ icm&mtrtc&mm* #f» 

<fc e> & zmte+m.®. t<o®M. f- * « 

<t -T SM6fctt#^¥£{*S^#F3fcg5SIS§. 

#c n6©n£-e©±(u&g3 tt-cosswurott?- 
frhtezmmi-w.iisi.tmcfr* •e-ftctog&gffi'Kctt* 

mW(cJ;*mifBSi, : >iE?L*5<fcO*m^-Ol!ib^5R»R© 

S^#F3fc^iS&. 
[JMBCDHMteim] 
[000 1 ] 

mu. *a»a»*aHi-r**o9tts. *>su«{4ti 30 

[0 00 2] 

[«63iE©a*] ifi¥. waitf+->- (mb e > ^ 

*rttelWtS*t*ftS«ffi (MO V P E ) ft £ft£»¥* 

(mow) *«tfrf«»*iB*it/. cnsm^ht 

X^©^tt&m#^«B£tto-ri,>£. CC^MQW 
[0 00 3] 

[|PJ*<ft?&U<fc5<iT-5>l$iK] L*>Ltt#6. ±IESE 
*fi&BT©a|£jitt£M^F*fcKJ:ti«. AM*© 
«*3En«UCJ:»J«fW»»l*»L<JI«c*. 0 9 (a) , 

•j". Cft6©H«:J:tiiX. AAttfrOflHfc&ffltf&JIIlK: so 
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W <TE«*&i*«iv&> . (TM(§3fc 
CC<fc9. ¥«»^fia^#F1«jS©®ilXX 
h;VSE{ttt*«Kaa»). TE{B^t*«St>iE?L*J 
JzW&f-frhU *Bi&?HWK£«UiE?UB J: CHI-?* 6 
&SJBii^fM£#ii3!ptMW**i* (B9 (a) ) ©tt 
«L. AJW*©flBt*l^*»TMfll3l6©*i^«:tt. 6c»iE 

9(b)) /cat). ;*JH*©fl##fa**K— je©#fti«: 

<bt»*»«c»a o . wrsmm. «fc *KJR^»©fi«sffl 

^©~>7 hSttTEfc^tfTMWffiSfcfrlSj-fctl^tltCfcf 
[0 0 0 4] t^©*f->->t«tt4M 

ifa«{cLr-t=n«si^EnJntc < ts®JKffi©i'7 hffi^iu 

•5. (XSR ( 1 ) . S . L. Chuanglt: #@J*WB) 
S££ci£. Journalof Applied Ph 
ysics 6 5t. 2822-28 261, *Sj:yX 
BR ( 2) K. Tad affe: 1991 4pRffl3fcafitSRI€? 
H. WeC6-2. 449-452H). L,*pU Cti 
«!RjR^©*l?EPttl{c«fc S f - 7 h D -5 
/cWT, <B^I"l«:«fc-o-CKlR{^^©fc©*^:too-C 
U*9C£KttfiW»;&ttttl,» (01 0#J&) . tt*>\ 

6 n-c i > tt c ^a-#F #jg ©sffEujin ic J: i> msimtigi 

[0 00 5] — a^-#FH*-5i->«»S)i©*&T-5S 

cne>©a*"e-©±«:esss-e-rt>4*«tes© 

^ *» e> tt hW&WMSL i«l»iE?L*J<fc O*^^*^ 6 tt *a 
$3T-eRiRt* 3 Stt-5>J:^CC-r€>S?** 5 *5 ( I n G a A 
sP/l nP^^Sfi^#F«iStcKIU-r«. S:« 
(3), M. Okamotoffe: *H«&ftfS^F^S^ 
xu^7 h D — ^^U. IEEE Journal of 
Quantum Electronics 27^, 1 
463~1469M. 1991¥; InGaAs/ln 
A 1 A s Jfi£**?#F«l3ifcl»0T«, XIR (4) . 
#Fffi : *^H»«a«T*WS«!*&. 1t^S$B ED 9 
3-61, OQE93-44 (1993-07), 33 
-3 8M) . fttto-^. S^#FCtj£*£ttJraOTlIl,> 
iEIL*5J:U t « : F3S»e>tt*fl«S?»jR (e - 1 h) iSC^ 
IE?L*J«tJ>'S-^*>6ttSS)*2^K»R (e-hh) t<D : & 



(3) 

3 

[0 00 6] *>t!p-5 4, mj"tfPflnCD;**lTl> 

ft c > 4 * cc « t e *$ J: o'T Miiffi^iS]^ n^n «C*t L 
[0007] {s*>Lt£ifih> ctuzmRotwtiaztir^ 

ffliK->7 h (QCSE tP¥t*ti£) ^■©i-'? h 

i o o o 8 ] a»tc. &mmm<>m$im®.&±te : b<i; 5 

«ft6ftt,>£l,>5|!5JSas&£. 

[0009] $ 6cc, mt®m&-ci*±MEm : m.&imm 
mm&izbmitiiz o d b^s*©^^ 

[0010] ^^©SNti. COi 5ft^tfK:iE<&. 

mmx'&znzni&WjiftmmfoB&mmzmm-rzc 20 

[0 0 1 1 ] 

m<om 1 ®mn«. lifts 2«a«>**f**m*>6a4 

«|jt©Bl ^iE?L*s J: cflt?* 6 ft S®ita-?-S&iK 4 St >iE 
1«J4raffiS^WJ&*e^a^F#*WSK:* 30 

a. 

[0012] &m}<om2 <ommiz. m 1 

T. f5fS£Sa^#F#&£IJj£bTt>&aT-#FJl#> 

s c > »ms ji®tim@Btip c *i e. ©n * * <d±.ic § 
^F»rt*ctt#ftjfc#*s, Sl»«»K:t*c*i4a»i$i 

F^iso^it^^sc^ctiflts ntfc 9 . &~?mm^ 

iE?L*5 J: t>'ST-*> 6 ft 4»l&f-«iR©«UK f - f <&£* 5 
SuseSl > lEIUs J; c«*f *» 6 ft aSjiS^gaiR 4 ID D*\ 40 

■enios^sfflijKft.si^v %5&.nmm<D*:Z2*:z9> 
je u * c ± *«« 4 zmmttimwzm&ttmsyt 

[0013] *ftQO*3 QtttttS. 1 S/ctt2©fiS 
filKteor. ^fiS^FJIfc&if^ KJI©fl-ffliJCC 

utt<D®m*m$L(D%.i t i tu tame » ie?l*$ <fc 
ae^-iRjR©a'fk4*iaii;**3«:i/fcc4*i*«i-r 

#F8*^i;miis©*s^&#cft6©Ji£-5-©± 50 
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cess*;* *r c> z>mm&$k<oft*imt&'& Lxmmm 

^#FHrtKIfob*£DftC>tmr«, A*f*©fl3:*;# 

[Si^T e mytomsiaz. s^ie^* «ti>*s^a>6ft s 

Slig^HRiR (e- 1 h) 4£l>iE?L*J<fc 6ft 4 

Kjita^PRjR (e-hh) 4©M;fr6I$'J;*ftS©K:*tU 
AS*#©iI*:frft#TMfli:ft©ia£K:i;t. 6c»iEfL*»J: 
CMS^*»6»tt41Bli&T-!WR (e - 1 h) ©<&#S!«iJ3*x 
3 <H9#jffi) . 

[0 0 14] c*uc*tu. gE^^to? hfi^pJCJc 

!9tcflKS«!S«?f tctttt 6ft#>o?c. 
[0015] #IHim*. m&#FHtil&lc*sttZBMa* 

[0 0 16] ?tj:t>%^ ±a5b;fcJ;5iC, S^#FrtK: 
lE^j^n^-Sck ^tCLT. gt>iE?L*s«t!y r S : F-*»6ft4 
®Sa^«RiR i S^JE?L*s«fc EWt** 6 ft 5®^KJR t 
*5Sft-5.«fc-5CCL/. «WEnj»fCJ:SRjR^©^ 

-ft* t e fectytTMsm^isi-e-n-enKW i/-cin3?fc 

[0017] a^FF^tcjS^^fla^-C, HtiiE?L*5<J: 

6ft* mm^mm, tm^sEMsiv^fr h ft 

(3) . (4) {C^6<-l-CV>4. fc/cb. Sl>iE7Lte 
d: ^*^-*> 6 ft £®it§T-©JK 4 Si ^iE?L*J «fc O'lW 6 

^flcmc«ft6ftli„ 

[0018] fiEor. *»58tc«fc»). fi^-#Frttc^ 

Asjrato* i^tctT, gt- >iE?L*s <fc D-'li-?^ h ft 
^ffilUX 4 St,^IE?L*5 <k O'm^*^ 6 ft * 4 
ftS.fc^w:. *>o, M#©®4Xfi ; l:StiP]DCc-rti«. 
mWEPJjQBSK: fc«^»S??K:ft *<fc ^ a^#F«i«4S 
It. SfWSCiAiTt^. 
[0 0 19] CCt?, a^#FrttCj£^}]nfc>-5J:-5K: 
It, gt^iE?L*J«fcJ>'m-?^6ft-5iasa^!RjR4fi^iE 
?L*J d; VS^F- 6 ft -S fib®^ R JR 4 **Sft * «fc ^ icf S 
4 If, »MCC*>«-7-#FJB4ttfl»iai*©j£;**«*lI*jS 

<k5icu-c. ^sa^FH^-cic^^fflmL-c^n 

>fe<. Sfc, |Et4«**IW±-r*fc«>tcJl»^. @J¥CC 
WH*»W *^*ift < ft 

[0 02 0] $ ^Itf#FfflS(c*iUT Ctl4 
JfJfiS LT (, i *a^-#F@©4S^SIS^ C ©S Z*<D±K. 

fi£SS-&-cc^»«*Sf B ©*s^s»4^ii^6cL-r. a 

^#FBrt«:f*!SJt;^4^C§#*4. ^©KiRiS©& 
gttJfcfcOft^S^icit^Sifcgtcft */c«t>, ID CeRiR 

ig&stc-r •stctia^f #f©ji§ ^jk -r *^* J * 

•5. #^©/c», 0 8«:«, In,., Ga, As /In 
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„. 5J A 1 ,. 4 ,A si^FKfc^TM^jEJUBjJCHtf- 
*>6tt4»ie*«iRfcl. 4 9 Mm«:|II5£Lfc£*©# 
FS©{*!5^Si#F«JSi©B9^4^-r. C trie J: 
•3. gttttt©ttft£JtigftMCC. W*.«E3S*#7 r -f 
^©4a<S8lifefc.^1t14*}#^?fc6 1.55 um-Cttflf 

C©i*QCSEfc»rJ<lW^iftfi©i/:7 hWfiT# 
F©J53©4?gfcifi^WK:J±0!|-r£©-C. #FJfiI£i¥ 
< Lfc##**tt«««j^bwi6*ia*s. — is 

«HF^*©t>©.*#F»#W< &££Si< &•&/<:©. 10 
* 5 J? 3 fcLhtc 4 £ *> -3 r ©HX Dfctfegf . b ttK4> L T 
Tftfr*;. #F©J*3fctt*»DJ*SaJ*a. 
[002 1]Sfc, *^F»rt©«.3ffl£#©**S 
tt. KJRffliSES— £©fcir*SW*i.**«fl».3t£#F 

ja©J¥$»/s<r#5*s. JbfBcaar&eiwfcW* 

6. 3e.CC. #«S*S0. 3 8%£iSU.S£. 6t»iE?L 

*$ «fc o-m^-a* 6 «c * »j»f*jR*««ir »ie?ub ct c/m-?* 

[0 02 2] C©*§£. KJg. WRtC^-r i©«*l» 

©. mw&c j; 4©jR#^fb»/h3 < ^n-c 

Oft: (Xfilt (4) ) . L^c^T. gOIEfLte.fcbraT- 
*p 6 & * ®ia^syR*imt >IE?L*$ «fc V £ & SJS>£2 

C ft 6ISi*a^tRiR £ «3fe&lPl £ ttfflStcMfc L- r t > * © 

[0 02 3] L#>L, #tti*A©ff*(cJ:*i«. fflSSS 
#0. 3 8%£ilSA£m>IE7L©SI*«^©St3I£«j£ 30 

l»ttfll"Ctt. Sl»iE?WsJ:U t « : f-*>6<c*BiBT-fflkJRi 
»l >iE?L*J <fc tm-? £ fc Sifj^T-eRiR £ £ S*a 6 iC L 
TTfc. 6i,>iE?L*JJ:jyf«iF*'6ft:4»i&flRJR*»l»iE 
?L*s J: cm** 6 a SJSbig^ ©JR «fe <0 fefittfiMce L ~c 

*$< «»a«iiia©«jR»«a6{b©a*^s < -c* 

[ 0 0 2 4 ] £tc. fi£3fe©at»-CI4. 3I&©©HX^»©« 40 

**3*iTt»fc*»-afc. -r&t>*>. ^©i»^S§-C«. 3 

7©?fWL*UiltL$5)!ii, ^©L* WO ©fig 
(*^C^3:^©^Djife©fiS) tt. iBJfe^tcio-C 
ffl5r2»*iltJi&*fc©. C©»l»***LT*JRffSt 
*$ <fc cWE-©«Wtc J: SSI, b££*>tf * c £ *i£«r* 

*^BJ{cfcc^T«C©3t;©B3i;iito^©flB^(S] 
[0 02 5] 50 
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um: «^#Frt(cj6*3wat>sj:5KL.'c. sue 

*>e>fcSJ@^Ti»iK £*«&££*>£, P5*©& 
JRMiBHRCfcTtiK. S^EP»n^tc4><i?SB9RtS#K: 
Or •£> «fc 5 3^#Fflti§£18:lt. «fW ■£> C £ # S . 

[0026] R««*rai>«:-r*tctt. as©^^^ 
iphttz a^fKJR=&ai >je?l*5 j; wr?* <=> a sale 

CJfm^f* 6 <c 4 ®ti^-®JR £ *C ^iE?Lte «fc CJ t «-?-*> & 
*®jta^iRiR£©Sf?K:«t:S^fb* > gi$B#©«k ^ a® 
HXf-i7©6igSW'N©^7 h?r[i]DJC-r-2.©-ca< . 

C^m : f-*>6tt4aiB : ?-lRJRi»J t>fi«fifl8«:bfc. c© 

i«. ai?EP*n©&l>£#©©f|X^*. TE*JcfcCXT 

[0 0 2 7] *»Wtc*j«,»r. Ji-f#FJirt«c#SR|t:» 

5r*G5#-2>£. -€-©KJR^©jgS(3:|CE^)©ai<>J*&CC 

«JRi*«fi{c-r*. c©£#. |ti*©J:5KJl^#F© 
if S«ff^K£*QC S E(CS-3< ©fR^^^^ hJi^C 

* < & a as*. aHtoT9*ft«aicc*iWa©T*f-#F© 

JISJCttiBifttfj&J**. «jt«. ttSl. 5 5ym-C 

«if®iR^?»tt^ias£ ortftf'p-rscfc >> icx-wmm* 

1 0~1 2nmiU #F»f*3{C0. 3 5-0. 50% 
©f*31S*. if 3 5nm©P*ffiif&CO. 5%©EISM* 
«A-r4. 1 • 5 5 MmT«5WBJr*(4fflSC 

iS^£L"CSi)^-rSi^tC#F@if : &7. 5-9 nm£ 
U> ^FiirtCCO. 3 5~0. 5 0%©»5RM*. Mt 

igtco. 5«©E»2<:*A-r*. cncc«t»)A#a® 

[0028] -rat>%. *9mo&ma*#FWtob* 
u f se*©^fis^#F«ji©«WEn»D{c «fc *»*it*Jt 

l/TWf4©«^*«^-C»t»Ci**l!*-r5©-C. 

©jSsfltswaurosjR^safe^Ka*). 3is«fg 

fCScS. %*5. #J^©MIBft>6 3dBtttttt2 0GH 
z JW±* 5 £ L am^V^tjiifi r> tc. 
[ 0 0 2 9 ] H6tt. 3iaBCji«>©flii6tS?ftt*#*L. 
fcTEfl*4TM«*ec»r«»iR«ttSC^t©ll*. S 
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^Lfck<£>T\ RJRMttAl. 4 9^m, Al**«fi«r 
1. 5 5/imCC{S5ELT^S. C<DRJR«»D« 
Aatt, tH36tbCC»»l/r 1 dBOT-C*ti«, 
tt&4*X.TJ:<r>. 3tHCii»ff«r*0. liU/ci 
* % Aa • L^2. 3 4ft 9, «*4ASL*1 0 0 am 
if5iC(Dl(i2 3 0 c m" 1 «TT*n«ctl^"C, 

ftSBiicB:* o. 3 6-o. 40%r*n«, 

ifi0frh2 0 0 kV/cm©j£l»JEH«:Mor«l^t 
M#<??4ft&o COm-CteO kV/cm«£ = 0. 3 10 
3-0. 3 6%£>4£±fB<Dl d BKiTOttHKJRS S 
CtKftift X*. P I N«J»*fflC»rftHUfc«th-K: 

EO^hriSffiL, C<D*JKC<fcoTe<Dtttt** 
l^tCfhS. CCDtctb, ±IB£(Dfii«0. 3 6-0. 

[0 0 3 0] C04£(DST-#F<E>/12te:> KiR 

HfiftAtfl. 4 9Mm«ctt*J:5tt*fl*6 1 2 nmi 

r*50, S^5l>0^^***«Lt:t, 12nm±2n 20 
m<D«I#<fcl\, fc/cU 3T-#F# 1 nGaAs, PfH 
Mifil n A 1 A s^lat^ot, »SB*M nGaA 

sPtuo. 3 «©#8Ki3W»3ir , *©fr«±o. o 

2%?Ig**i«J:i> 9 
[0 0 3 1 ] 

CciftBJ-r*. 

[0 0 3 21H1W ±iSL/^:J:9tt«i»*lPlCCtte 

SiBS*^"*". 01 *C7jVr<fc5CC, n-InPlSli 30 
fCtt, n-InAlAs^7 w ; KB 2 „ />F-7*In 
Ga x As/In M Al v AsW^C^ll^ 
#FH3, p-InAiAs^77F14, teJcO'p - 
InGaAs)B5^»JSIBSilt*J0, n-InPS 
«1 (DHffi{CttNflB«ffi6^, p-1 nGaAsi5± 
CCttPflM««7#RW6ftTl>a. ftte, 0*. 9 fed: 

ST#FJf 3 «\ InGaAsilnAlAsi?: 

^n-ens^#pa 4 kmb 4 cc-r a sm^f** 

4*<D« AJSAffirfHH L/C 
[0 0 3 3 ] 9*. 1 n PS1S 1 ictST^^TS I n 

Ga x As*>ln,. v Al v Asi^OIfl©*tt 
ttx = 0. 47, y = 0. 4 8tft4#, x^y(Dffi£ 

*fc. #FB, Wfi«©±E*lJ«*B/**«JlSC4r 
y = 0. 4 8 4I*£H*I nPS«tc££3ttfc» 

x>o. 4 7-casio9iQeA« s A£rft3»i. x< so 
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0.47 v BEWjCA^FBrttc-tn^tift^r *. 

C©4*#FB<0«3*1 2nm4iiS©I nPgffiCC 
S§£$tt/ti££<DJ?$7. 5nmCd±^*iJsCC^AT 

* % q c s e ©*»*<bPiijtB 4 & fco -rat>%* % 

A 1 . 5 5 Mm-CWWJR»*lSSailS4 OT«bfPS# 
fcJfrPCH:* #FSJI£ 1 0—1 2nmil, #FBft 
CC0. 3 5-0. 5 0%<D{*5RSS\ J?3 5nmCDPiig 
JICCO. 5«©BE«ffi*»Al/fc. CCD4#(D^14«S 
4feJ:eflB5<c*%-r4fe9Tfc&. B4«/*»!W>£ 

[0 0 3 4] **^tt|8W)iCC#FJB4aSlftlSrCcEllJt 
;tt£finx.T£>££rC. #FjgJlte 1 2 nm, y^f^ 

I n i _ x Ga, As/Iru.v Al v As^tt^F 
IB0. 1 8um4Jtt(IWl»^«Cfe^t>6r. JS*tt 
5*ftOl5Hrtr * o TlEffi* & C 4 B 

[0 03 51H2CCB, ±Jfil/fect5a:«iR*W«:<R6 

aa»8T*4. n - I n PStg 1 1 ±«CB % n - I n P 
^7^*112, y>F-7'InGaAsP/InGa 
AsP^e>^^ii^#F113, p-lnP^7>; 
KB 14, fccfctfp- I nGaAsBl 5#JRXSM3 
ftTfcO, n - I n Plfi 1 1 OXBSCCttNMSa 1 6 
^ p-InGaAsBl 5±«CttP«WS 1 7 Srtitf 
entire l^F113^ InGaAsPiln 
G a A s PCDlS^ICDlf «S tlfc*Mt^F#F«»«ca o 
Tt>*. fTCD|6it0J4|5[|S I n p»«c»^*£-r* I 
n,., Ga, As,_ v P v ^1 n,. B Ga u ASi-» P 
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H5t i m^IEKis <£ 6 & & lBi&?!ltft*sS &S<fc 

^ccurt^fcj*. ^*t>ra«r*ofcSOlMK>A» 
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